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1. STATEMENT OF PROBLEM

Location information is critical to the site investigation process. This
Standard Operating Procedure (SOP) describes the mnimm standard to which
 atitudi nal and | ongitudi nal nmeasurenents should be recorded and how to obtain
neasur enents fromtopographi c maps. The i nvestigator shoul d conpl ete a worksheet
and attach supporting docunentation, which record neasurenents and provide
conputations for review

The purpose of this SOP is to provide a nmethod to neasure |atitude and
| ongi tude which is accurate and practical. The procedure uses |inear neasurenent
and interpolation, referred to as Linear Interpolation (LI) to neasure |atitude
and | ongi tude. Conpared to other techniques, LI

1 Requires only a single ruler or scale

1 Requi res no extrapol ati on of tangents or perpendicul ars

Requires no conversions or calculations, when using a scale
graduated i n seconds

Is easy to learn

Can be easily revi ewed

Is accurate to 1 second (% 0.5)
2. SI TE REFERENCE PO NT

The investigator should determ ne the site's geographic coordinates of a
specified reference point. EPA's June 1989 draft policy sinply requires
describing the reference point for a site (e.g., northeast corner of site,
entrance to facility, point of discharge). The January 1990 revision states: *

| ati tude and | ongi t ude coordi nates nay be nmade i n reference to any conveni ent
aspect of asite..." The | anguage was intentionally vague due to the potentially
infinite range of site spatial characteristics.

Latitude and | ongi tude deternination relies on 7.5-m nute topographi c maps
published by the U'S. GCeological Survey (USGS). At the scale of these maps
(1:24,000), the small black square used to identify a single famly dwelling is
alittle less in width than 1 second of latitude; the latitude and | ongitude of
a house can be accurately determined to 1 second. When the building, facility,
site, etc., is larger in width than 1 second, the question becones, "From where
shoul d | take the neasurenment?" |In sone cases, the site could enconpass hundreds
of square miles, and several degrees or mnutes of latitude. To specify a pair
of geographic coordinates for the site location, a reference point nust be
determ ned for each site on a map for the official record

To specify a single point | ocation, renenber that both natural and man- nade
features can change with time, and contam nation can be docunented outside a
facility boundary. Property |lines, water bodies, and buildings are particularly
vul nerabl e to change. Gve priority to the follow ng situati ons when determ ni ng
site reference points:

1 Poi nt representing the approximate center of the area of greatest
concern or a mmjor source as chosen by the project officer in the
Regi on nost famliar with the site; or

Location of |argest permanent structure, identified to the corner
bei ng nmeasur ed.



On a 7.5-m nut e topographic map, mark the boundaries of the site, the area
enconpassi ng waste sources, with a very sharp pencil. If the site is a single
poi nt or building, use that point. If the building is |arge, select a corner and
describe it for |later worksheets. If the site is larger than a single building,
draw a center line along the long axis (longest part) of the site (curving or
segnmenting the line so the line is always centered within the site), and
designate the mdpoint of the line as the center of the site. Mark this spot in
pencil keeping the dot or cross-hair as fine as possible.

Choose a permanent site reference point that is accessible to field
verification. During the site reconnai ssance, verify the point |location relative
to topographic and physical structures on the map. Coordi nates of known poi nt
locations (e.g., landfills, inmpoundnents, wells) can also be calculated and
recor ded.

3.  EQUI PVENT

The only equi prent required for LI is an original version of the scale
tenpl ate, the Coordinator™ (see attached page), a fine mechanical pencil (0.3
or 0. 5m) , alarge flat work surface, and the topographic map (s) containing
the site. Mylar filns of maps are preferable. Do not use folded or winkled field
maps.

The accuracy of LI depends on several factors, specifically the accuracy
of the map and neasuring device, the width of the pencil, and the cartographic
ability of the person making the neasurenents.

The accuracy of maps printed on paper is approximately 50 feet (1
mllinmeter map di stance) due to paper shrinking or swelling in varying humdity,
or by creases in the map. This error can be considerable at the 1: 24,000 scal e,
but these probl ens can be overcone by using M/lar fil mversions of the USGS maps.
Simlarly, measuring tools can have different | evels of precision. Do not use the
Topo-Aid™ a map aid used in the past, which does not provide the 1-second
preci sion now required by EPA

A second area where precision can be lost is the pencil used to nmark
reference lines. The smaller the width of the scribe (or line drawn by the
pencil), the greater the ability to align neasurenents tothe ruler. If the width
of the scribe is broader than the graduati on marks on the rul er, precision cannot
be greater than the width of the scribe or ruler calibration

A third critical factor of accuracy is the cartographic ability of the
nmeasurer. There are basically two ways to neasure | atitude and | ongi t ude on maps.
The first requires extrapolating data fromthe site reference point out to the
map boundaries. This nethod requires noderate cartographic skill and accurate
drafting supplies, and can magnify resulting errors in proportion to the nmap edge
distance from the reference point. The second requires neasuring data
i nterpol ated wi t hi n known map ref erence poi nts, thereby reducing drafting errors.

Met hodol ogi es that required draw ng tangents froman unknown poi nt on a map
to the map boundary using straight-edges or right-triangles are no | onger
supported by EPA. The ability to align edges parallel to the map boundaries while
extrapolating the tangent line is critical to the accuracy of the cal cul ation
Adifference of only afewmllineters will create coordinate errors of 1 or nore
seconds. Error will result fromaligning the straight edge directly over the
unknown point and not allowing for the width of the scribe while draw ng the
tangent line. Another way that |ocational error is introduced is by relying on
other features inside the map -- such as straight roads, apparently straight
survey lines, and section lines -- to extrapol ate tangents.



4. PROCEDURE
4.1 DEFI NING THE GRI D

Nine 2.5-minute map grid cells nake up a USGS 7.5-m nute topographic map
(scale 1:24,000). These nine grid cells are defined by 2.5-mnute tic marks at
t he edges of the map and 2.5-minute cross-hairs within the map. Determ ne which
of the nine 2.5-mnute grid cells contains the site center or reference point.
Dependi ng on the location of the grid, you will be required to draw two, three,
or four framng lines. Al neasurenents will be made within this grid. To draw
the lines, align a straight edge so the point of the pencil will intersect two
of the 2.5-mnute cross-hairs. Be sure that the edge is not directly over the
cross-hairs or the width of the pencil will be offset and the framng line wll
not exactly intersect the two cross-hairs (see Figure 4-1).
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Figure 4-1. Aligning Fram ng Lines

Lightly drawthe framng |ine, being careful to keep the pencil at an angle | ess
than vertical, between 60 and 80 degrees. Strive to keep the pencil point agai nst
the straight edge at all tines ( see Figure 4-2 ).
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Figure 4-2. Scribing Fram ng Lines



After conpl eting one of the lines, renove the strai ght edge and exani ne t he
line. If it does not intersect the center of the cross-hairs exactly on each end,
erase the line conpletely and repeat the process.

NOTE: The corners of nore recent 7.5 mnute topographic maps may have dashed
cross-hairs that differ slightly fromthe corners of the map. Measure from
the corners of the map and not the dashed corner cross-hairs a USGS

correction for the 1983 datum Most maps still rely on the 1927 datum
Consult the I ower left I egend of the map for nore informati on on geodetic
dat um

4.2 LI USI NG RULER GRADUATED I N SECONDS

The Coordinator ™ is a clear tenplate that is essentially eight custom
rulers corresponding to the nbst common map scal es. (The Coordi nator™ can be
obt ai ned fromdrafting supply stores or 145 Cedar H || Road, Bedford, NY 10506.)
O her customrulers can be used if the 1-second (or better) |evel of precision
i s mai ntai ned and docunent ed.

Custom rulers are directly graduated in seconds of latitude. This is
possi bl e because map representations of latitude are essentially constant. One
scal e on the Coordinator™fits precisely within a 2.5 mnute arc of latitude on
a 7.5 m nute quadrangl e map. By laying the scale over the site | ocation precisely
between the scribed latitude lines, latitude is read directly off the scale and
added to the latitude of the lower line. Wth scal e graduations in seconds, the
accuracy of latitude to 1.0 second is ensured through direct measurenent and
interpolation. Directly neasuring seconds prevents errors caused by conversion
and ratio cal cul ations.

Measuring Latitude Using a Custom Rul er (Coordi nator™

1. Set out Coordinator ™ 1:24,000 scale and map with the site center
or reference point identified.

2. Draw 2.5-minute framng lines around the grid with the site center
or reference point (see Section 4.1).

3. Fill out background information on |atitude/l ongitude worksheet.

4. Lay the scale on the map so that the bottom of the scal e coincides

with the bottomfram ng line and the top of the scal e coincides with
the top framng line (see Figure 4-3).

5. Move the scale laterally until it intersects the point to be
measured. Be very careful to keep the top and bottom edges of the
scale on the fram ng lines.

6. The scale has two sets of increnental designations; the left set
begi ns at 30 seconds and the right set begins at 0 seconds. Use the
scal e that corresponds to the latitude nunber of the | ower fram ng
line. If it ends in 30 seconds, read along the left side. If it ends
in O seconds, read along the right side.

7. Read up the scale fromthe Iower framing line to the point to be
measured. Note at each 00 second readi ng on the Coordi nator Scal e,
add 1 minute to the beginning | atitude nunber of the |ower fram ng
line. Record that nunber on the worksheet.

Measuri ng Longi tude Using a Custom Rul er (Coordi nator™

Longi tude i s cal cul ated usi ng the same principle and scale as for |atitude.
The difference is that the ground distances of 2.5 mnutes of latitude and
| ongi tude are not the same. If, however, you use the sane scale and align your
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divisions to those of the known l|longitude lines, the ratios and conversions
beconme a linear nmeasurenment. Since the scale is exactly 2.5 mnutes |ong, place
each end of the scale on one of the longitude |ines. Next, slide the scale up or
down until it intersects the reference point. Wen the edges of the scale are
precisely touching the longitude lines and the scale intersects the unknown
point, read up the scale fromright to |left to neasure the |ongitude.

1. Set up longitude fram ng |ines as described in Section 4. 1.

2. Lay the 1:24,000 scale on the map so that the bottom of the scale
coincides with the right framng line and the top of the scale
coincides with the left framng line (see Figure 4-3).

3. Move the scale up or down until it intersects the point to be
measured. Be very careful to keep the top and bottom edges of the
scale on the fram ng lines.

4. The scale has two sets of increnents: the left set begins at 30
seconds and the right set begins at 0 seconds. Use the scal e that
corresponds to the | ongi tude nunber of the right framing line. If it
ends in 30 seconds, read along the left side. If it ends in O
seconds, read along the right side.

5. Read the scale up fromthe right framng line to the point to be
neasured. Note at each 00" on the Coordinator™ scale, add 1 m nute
to the begi nning | ongitude nunber of the lower framng Iine. Record
t hat nunmber on the worksheet.

Note: Be sure to identify starting latitude and longitude from the |ower
right-hand corner of the 2.5 mnute grid. If it ends in 30 seconds (30"),
read off the 30-second side on the scale; if it ends in 00 seconds (00"),
read off the 00 side.

4.3 LI USI NG AN ENG NEER S SCALE

Al ternative equipnment to determine |atitude and | ongitude coordinates is
an "engineer's scale.” An engineer's scale is a nulti-sided ruler containing
series of graduations per inch corresponding to map scales. For the 1:24,000
t opographic maps, use the 60 divisions per inch scale; on this scale 454
divisions equal to 2.5 mnutes. Use the 0 as 00" and 454 as 2' 30" and followthe
al i gnment process of Section 4.2. Record the nunber of divisions on the ruler,
di vide by 454 and nultiply the resultant by 150. The nunber is nowin seconds and
can be added to the starting latitude or |ongitude to get the coordi nates of the
site.

Measuring Latitude and Longi tude using an Engi neer's Scal e

1. Display the 1/60 engineer's scale and map with the site center or
reference point site identified.

2. Draw 2.5-minute framing lines on the grid with the site center or
ref erence point (see Section 4.1).

3. Fill out background i nformation on the | atitude/l ongitude worksheet .

4. For latitude: place the 1/60 scale on the map so that the bottom of

the ruler coincides with the bottomframng |ine and 454 coi nci des
with the top framing |ine (see Figure 4-3).

For | ongitude: place the scale on the map so that the bottom of the
ruler coincides with the right framng |ine and 454 coincides with
the left framng Iine (see Figure 4-3).



5. Move the scale laterally (for latitude) or vertically (for
| ongitude) until the scale intersects the point to be nmeasured.
Be very careful to keep the 0 and 454 edges of the scale on the
fram ng |ines.

6. Record the nunber on the ruler where it intersects the point
to be measured on the appropriate worksheet. Divide that nunber
by 454 and multiply the resultant by 150. OR nultiply the
nurber by 0.3304. The nunber is nowin seconds and can be added
to the starting latitude or longitude of the grid to get the
| atitude or longitude coordinates of the site. Conplete the
wor ksheet .
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Figure 4-3. Determ ning Latitude and Longitude Usi ng Linear |Interpolation



5. QUALITY ASSURANCE

For QA purposes, a nethod nust be developed to track how |l atitude and
| ongi tude coordi nates have been verified and cal culated. A datasheet
(wor ksheet) is part of the required docunentati on for each PA. A conpl eted
wor ksheet allows a reviewer to follow the original steps and check the
cal cul ations. Conpleting each formis estimted to take approximately 10
m nutes. Attach a conplete 2.5-mnute grid on a separate page with the
site center or reference point clearly marked. Al four corners of the
grid must be clearly visible.



LATITUDE AND LONGITUDE CALCULATION WORKSHEET #1
LI USING CUSTOM RULER OR COORDINATOR™

SITE NAME: e , CERCLIS #:_
RKA: ' ‘ SSID:
ADDRESS:

CITY: STATE: ZIP CODE:

SITE REFERENCE POINT:

USGS QUAD MAP NAME: TOWNSHIP: N/S RANGE: E/W

SCALE: 1:24,000 MAP DATE: SECTION: 1/4 1/4 1/4

MAP DATUM: 1927 1983 (CIRCLE ONE) MERIDIAN:

COCRDINATES FROM LOWER RIGHT (SOUTHEAST) CORNER OF 7.5‘ MAP (attach photocopy):

LONGITUDE: o ‘ " LATITUDE: ° ! "

COORDINATES FROM LOWER RIGHT (SOUTHEAST) CORNER OF 2.5’ GRID CELL:

LONGITUDE: o ‘ " LATITUDE: ° ! "

CALCULATIONS: LATITUDE (7.5’ QUADRANGLE MAP)

A) ALIGN THE BOTTOM OF THE SCALE WITH BOTTOM OF GRID. ALIGN THE TOP OF THE
SCALE WITH THE TOP OF GRID. POSITION EDGE OF RULER OVER SITE REFERENCE POINT
WHILE KEEPING TOP AND BOTTOM ALIGNED.

B) READ TICS ON RULER AT 1- OR 0.5-SECOND INTERVALS (INTERPOLATE).

C) EXPRESS IN MINUTES AND SECONDS (1= 60"): ’ . "
D) ADD TO STARTING LATITUDE: o ! . "o+ ! . =
SITE LATITUDE: o ‘ . "

CALCULATIONS: LONGITUDE (7.5 QUADRANGLE MAP)

A) ALIGN THE BOTTOM OF THE SCALE WITH RIGHT SIDE OF GRID. ALIGN THE TOP OF THE
SCALE WITH THE LEFT SIDE OF GRID. POSITION EDGE OF RULER OVER SITE REFERENCE
POINT WHILE KEEPING TOP AND BOTTOM ALIGNED.

B) READ TICS ON RULER AT 1- or 0.5-SECOND INTERVALS. (INTERPOLATE)

C) EXPRESS IN MINUTES AND SECONDS (1'= 60"): ‘ .

D) ADD TO STARTING LONGITUDE: ° ‘ . "o+ ‘ . =
SITE LONGITUDE: © ’ . "
INVESTIGATOR: DATE:




LATITUDE AND LONGITUDE CALCULATION WORKSHEET #2
LI USING ENGINEER’S SCALE (1/60)

SITE NAME: CERCLIS #:
AKA: SSID:
ADDRESS:

CITY: . STATE: ZIP CODE:

SITE REFERENCE POINT:

USGS QUAD MAP NAME: TOWNSHIP: N/S RANGE: E/W

SCALE: 1:24,000 MAP DATE: SECTION: 1/4 1/4 1/4

MAP DATUM: 1927 1983 (CIRCLE ONE) MERIDIAN:

COORDINATES FROM LOWER RIGHT (SOUTHEAST) CORNER OF 7.5’ MAP (attach photocopy):

LONGITUDE: ° ! " LATITUDE: o ! "

COORDINATES FROM LOWER RIGHT (SOUTHEAST) CORNER OF 2.5’ GRID CELL:

LONGITUDE: © ! " LATITUDE: ° ‘ "

CALCULATIONS: LATITUDE (7.5’ QUADRANGLE MAP)
A) NUMBER OF RULER GRADUATIONS FROM LATITUDE GRID LINE TO SITE REF POINT:

B) MULTIPLY (A) BY 0.3304 TO CONVERT TO SECONDS:

A x 0.3304 = . "

C) EXPRESS IN MINUTES AND SECONDS (1‘= 60"): ' . "

D) ADD TO STARTING LATITUDE: ° ’ . "o ‘ . =
SITE LATITUDE: ° ‘ . "

CALCULATIONS: LONGITUDE (7.5’ QUADRANGLE MAP)
A) NUMBER OF RULER GRADUATIONS FROM RIGHT LONGITUDE LINE TO SITE REF POINT:

B) MULTIPLY (A) BY 0.3304 TO CONVERT TO SECONDS:

A x 0.3304 = . "

C) EXPRESS IN MINUTES AND SECONDS (l‘= 60"): ‘ . "

D) ADD TO STARTING LONGITUDE: o ’ . "+ 4 . =
SITE LONGITUDE: © ‘ . "

INVESTIGATOR: DATE:
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SITE NAME: NUMBER:

AFFIX MAP GRID CELL HERE

Map must have a minimum of % inch
around the 2.5’ grid cell and show all four grid tic marks.

® |ndicate permanent site reference point

® Indicate boundary of site/sources

TOPOGRAPHIC MAP QUADRANGLE NAME:
COORDINATES OF LOWER RIGHT-HAND CORNER OF 2.5-MINUTE GRID:
LATITUDE: ° ! " LONGITUDE: ° "

*U.S GOVERNMENT PRINTING OFFICE: 1991 -548-15740505 E-11
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